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(57) ABSTRACT

Vehicle including a seat on which an occupant sits, a set of
at least one electric field antenna arranged in the seat, and a
control unit coupled to the antenna set and configured to
direct one or more antennas to transmit an oscillating
electric field at a frequency that enables the electric field to
be conducted through the seated occupant. An electrical
circuit is coupled to a vehicular component and has a
conductive surface in a position accessible by the occupant’s
finger. Proximity of the occupant’s finger to or contact with
the conductive surface, when an antenna is transmitting an
oscillating electric field conducted through the occupant,
causes a capacitive coupling to develop between the occu-
pant and the conductive surface and completion of the
circuit. This enables control of the component by the occu-
pant’s finger, which may be adjustment or change in the
state, condition or operation of the component.

20 Claims, 5 Drawing Sheets
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1
WIRELESS SWITCHES USING HUMAN
BODY AS A CONDUCTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of U.S. provisional patent
application Ser. No. 62/079,685 filed Nov. 14, 2014, which
is incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates generally to systems and
methods that use the human body as a means for wirelessly
transferring energy to provide power to operate an electronic
device such as an RFID. In particular, the present invention
relates to systems and methods for controlling vehicular
components using wireless switch assemblies powered by
transmitting energy through a human body.

BACKGROUND OF THE INVENTION

In a vehicle, wires and connectors are the biggest source
of' warranty repairs. During the manufacture of a vehicle, the
wire harness cost is a significant portion of the total manu-
facturing cost. Many, if not most, of these wires and con-
nectors are associated with switches. Wireless switches
based on RFID technology have been proposed by the
inventor of this invention in, for example, U.S. Pat. No.
7,103,460. Such RFID technology suffers from the limited
range of passive RFID devices requiring interrogator anten-
nas to be close to the switch, or expensive interrogators to
be used. This complicates the system and removes many of
the advantages of the wireless technology. RFID interroga-
tors have now been developed with a range of up to 20 feet;
however, they are expensive. What is needed therefore is a
method of providing energy to passive RFID devices which
can be used as switches. The invention disclosed herein uses
a transmitter located in the vehicle seat to provide the energy
to power various RFID switches with that energy being
transmitted through the body of the vehicle occupant.

Technical papers and other published documents that are
particularly relevant to the inventions described herein
include:

1. J. Smith, T. White, C. Dodge, J. Paradiso, N. Gershenteld,
D. Allport “Electric Field Sensing for Graphical Inter-
faces”. 1998, IEEE Comput. Graph. Appl.

2. “Location Privacy And Wireless Body Area Networks”,
The Physics asXiv Blog, MIT Technology Review, Mar.
23, 2011.

3. J. A. Paradiso, N. Gershenfeld, “Musical Applications of
Electric Field Sensing”, Computer Music Journal 1997.

4. Kate Greene, “Talking to the Wall”, MIT Technology
Review May 3, 2011.

U.S. patents that are particularly relevant to inventions
described herein include the following in addition to those
referenced in the text:

5. U.S. Pat. No. 6,684,973, entitled “Occupant detecting
apparatus”;

6. U.S. Pat. No. 6,816,077, entitled “Multiple sensor vehicle
occupant detection”; and

7. U.S. Pat. No. 6,960,841, entitled “Passenger detection
system and detection method”.

Possible definitions of terms used in the application are
set forth in U.S. Pat. Nos. 7,663,502 and 7,889,096, both of
which are incorporated by reference herein.
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2
SUMMARY OF THE INVENTION

An embodiment of this invention includes a vehicle
including a seat on which an occupant sits during use of the
vehicle, and a system for using the occupant in the seat to
convey or otherwise provide energy emanating from an
antenna in the seat to operate an electrical circuit and thereby
adjust, change or vary the state, condition and/or operation
of a vehicular component. The system includes at least one
electric field antenna emitting radio frequency radiation
from the seat which passes through or is conducted by the
body of the occupant to provide energy to operate the
desired electrical circuit when a conductive surface forming
part of the electrical circuit is touched or approached by the
occupant. The occupant’s finger initiates a capacitive cou-
pling with the conductive surface either through touch or
contact therewith, or by being within a threshold distance to
enable capacitance to develop between the finger and the
conductive surface. In the former situation, the conductive
surface may be exposed to contact with the occupant’s finger
and in the latter situation, the conductive surface may be
covered by an insulating material that is exposed.

Each vehicle seat contains a set of antennas, each set
including at least one antenna. The antennas are electrically
attached to control and driving circuitry which causes the
antenna set to emit waves at one or more radio frequencies
directed toward the occupant’s body, which in turn, trans-
mits the RF waves throughout the body and into the occu-
pant’s fingers. When the occupant desires to activate a
vehicle component, such as to open a window for example,
he or she moves their finger close to and possibly in contact
with the conductive surface of an electronic or electrical
circuit, such as an RFID device or transponder, and the
occupant’s finger completes the circuit and thereby provides
power in the form of the RF signal which is rectified to
operate the RFID device. The RFID device can then emit a
wireless signal carrying its unique identification message. A
receiver located at a convenient location in the vehicle
receives the RFID-emitted wireless signal and causes the
vehicle component to perform the desired function, such as
opening the window.

This invention can be used to eliminate all wires to
switches in the vehicle thereby eliminating much of the
vehicle wiring and reducing the cost and weight of the
vehicle and increasing its reliability. Since all electrically
activated components in the vehicle require electricity to
operate, the command to open a window, for example, can
be transmitted from the controller either through a vehicle
bus, wirelessly or via the electrical power line or in any other
convenient manner.

A method for enabling an occupant of a vehicle to control
a component in the vehicle in accordance with the invention
includes directing at least one antenna in a first set of at least
one electric field antenna arranged in a seat on which the
occupant sits to generate an oscillating electric field at a
frequency that enables the electric field to be conducted
through a body of the occupant when sitting on the seat.
When the antenna is generating the oscillating electric field
conducted through the occupant, a capacitive coupling can
develop between the occupant and a conductive surface in a
position accessible by a finger of the occupant when the
finger of the occupant is proximate or in contact with the
conductive surface. The capacitive coupling completes an
electrical circuit coupled to the component, and the compo-
nent is adjusted based on completion of the electrical circuit
by the finger of the occupant. Adjustment may entail varying
or changing the state, condition and/or operation of the
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component. This may be based on the conductive surface
approached or contacted by the occupant’s finger.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are illustrative of embodiments
of the system developed or adapted using the teachings of at
least one of the inventions disclosed herein and are not
meant to limit the scope of the invention as encompassed by
the claims.

FIG. 1 is a side view with parts cutaway and removed of
a vehicle showing a passenger compartment containing a
driver sitting on a vehicle seat which contains a plurality of
electric field antennas in accordance with a first embodiment
of the invention.

FIG. 2 illustrates the use of a single pair of antennas.

FIG. 3 is a block circuit diagram of the electric field
sensing system of FIG. 1.

FIG. 4 is a perspective view with parts cutaway and
removed of a vehicle showing a passenger compartment
containing an electric field power transmission system on
both the driver and passenger seats in accordance with a
second embodiment of the invention.

FIG. 5 is a schematic showing the operation of the system
where an occupant transmits power to operate a transponder.

FIG. 6 is a view of the front of a passenger compartment
of a vehicle showing wireless switches and a touch pad
mounted on the steering wheel and various dashboard-
mounted wireless switches.

FIG. 7 illustrates a wireless mouse mounted on the
steering wheel.

FIGS. 8 and 9 show other interior surfaces where touch
pads can be placed such as on the armrest (FIG. 8) or
projecting out of the instrument panel (FIG. 9).

DETAILED DESCRIPTION OF THE
INVENTION

All patents or literature referred to anywhere in this
specification are incorporated by reference in their entirety.
Also, although many of the examples below relate to a
particular vehicle, an automobile, the invention is not lim-
ited to any particular vehicle and is thus applicable to all
relevant vehicles including all compartments of a vehicle
including, for example, the passenger or other compartment
of an automobile, truck, farm tractor, construction machine,
train, airplane and boat.

“Or” and “and” as used in the specification and claims
shall be read in the conjunctive and in the disjunctive
wherever they appear as necessary to make the text inclusive
rather than exclusive, and neither of these words shall be
interpreted to limit the scope of the text.

An electric field monitoring system is a particularly useful
technique for wireless switches especially since it is now in
production as an occupant presence and position sensor by
Honda Elesys and others. An adaptation of the Honda Elesys
system can be used, as illustrated below and in U.S. Pat. No.
8,725,311 to allow the use of wireless switches.

Referring now to the accompanying drawings, FIG. 1is a
side view, with parts cutaway and removed of a vehicle 16
showing a passenger compartment 18, or passenger con-
tainer, containing a driver 2 operating the vehicle 16 and
sitting in a seat 20. Embedded in the seat 20 or as part of the
seat cover material are two sets of electric field antennas 4
and 6. The manner in which each set of electric field
antennas 4, 6 can be embedded in the seat 20 may be by
placing the electric field antennas 4, 6, in the cushion
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material of the seat 20. To make the electric field antennas
4, 6 of the sets thereof part of the seat cover material,
electrically conductive material may be woven into the
material of the seat cover or arranged on the material of the
seat cover. Other alternatives include placing a conductive
mat in the seat 20 just below the seat cover material or, in
some cases, using the seat heating wires as an antenna. There
are thus many ways that an area of a seat 20 can be made
conductive and to function as an antenna. The design of a
particular antenna depends on the wavelength of the signal
being emitted and is well understood in the art.

Each set of electric field antennas 4, 6 can have any
appropriate number of individual antennas such as from 1 to
about 20. Antenna set 4 is illustrated with 7 antennas and
antenna set 6 with 5 antennas. FIG. 2 illustrates an embodi-
ment where a single antenna 12 is placed in the seat bottom
portion 30 and a second, single antenna 14 is placed in the
seat back portion 32. The seat bottom portion 30 is that
portion of the seat 20 on which the driver 2, or other
occupant, sits while the seat back portion 32 is that portion
of the seat 20 against which the seat occupant’s back rests.

An embodiment is possible wherein there is only a single
set of antennas (one or more antennas in this set) in the seat
bottom portion 30 or the seat back portion 32. Thus, an
antenna in the seat bottom portion 30 can suffice to enable
the invention to function and convey an oscillating electric
field through the driver 2 (although FIG. 1 shows the system
for a driver 2, the system is equally applicable for any
occupants in the vehicle, including passengers, and herein-
after reference to a driver does not limit the use of the
invention to the person operating the vehicle).

Each of the antennas 4,6 is connected to an electronic
control unit (ECU) 9 which includes the oscillating electric
field generating circuits (see FIG. 1). ECU 9 includes
software and hardware known to those skilled in the art,
such as a processor unit and signal processing circuitry and
software embodied on non-transitory computer-readable
media to implement the functions described herein. As used
herein, a “control unit” will generally mean any component
or combination of components that is capable of processing
input data and/or signals for an identified purpose, and
generating from the data and/or signal processing, com-
mands or signals to be directed to over one or more other
electronic components to be controlled. A control unit in
accordance with the invention may have other functions,
e.g., to generate signals to be transmitted via a communi-
cations system. Also, as used herein, an “antenna” may be
considered any conductive surface that is positioned close to
the occupant of the seat 20. Such a conductive surface could
be the source from which an electric field is transmitted or
conveyed to the occupant. An antenna does not have to have
any particular geometry, although it would operate in a
preferred manner if it were “tuned” to the wavelength that is
being transmitted.

A representative circuit block diagram of the ECU 9 is
illustrated generally at 40 in FIG. 3 for the sets of antennas
illustrated in FIG. 1. One skilled in the art would understand
how to implement this circuit block diagram in a commer-
cial electronic package.

In the circuit block diagram 40, an oscillator 21 operating
in a frequency range of, for example, about 30 kHz to 100
kHz or from about 30 KHz to about 10 MHz is attached to
a resistor component 22, a pair of selection switches 23 and
24 each on a respective side of the antennas, a voltage buffer
25 connected to selection switch 24, a detector 26 receiving
output from voltage buffer 25, an A/D converter 27 for
converting analog data from detector 26 to digital signals,
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and a processor 28 connected to the A/D converter 27 for
processing the digital signals therefrom. Processor 28 con-
trols the selection switches 23, 24. The antennas in the
seatback or seat back portion 32 (antenna set 4) are labeled
4-1 through 4-7 and the antennas in the seat bottom or seat
bottom portion 30 (antenna set 6) are labeled 5-1 through
5-5. Not all antennas are individually labeled in FIG. 3, e.g.,
antenna 10.

One function of the selection switches 23, 24 or selectors
is to choose that combination of sending and receiving
antennas based on the morphology of the occupant (driver 2)
to provide the best coupling between the generated RF
signals and the body of the occupant (driver 2). By control
of the selection switches 23, 24 by processor 28, it is
possible to select a specific one or multiple ones of the
antennas in one set or both sets to generate RF waves or
signals.

Instead of selection switches 23, 24, any type of selection
device or selection means that performs the same function as
selection switches 23, 24 may be used in the invention and
for some implementations such selector switches may not be
required. The morphology of the occupant (driver 2) can
affect the current to the antenna sets 4, 6. By monitoring
such current, the presence of a body near the antenna can be
determined and the power to a particular antenna can be
turned off if a body is not adjacent to the antenna. Addi-
tionally, the power to all of the antennas can be turned off if
the seat 20 is unoccupied.

An excellent background for the functioning of electric
field occupant sensors is provided in U.S. Pat. Nos. 6,684,
973 and 6,960,841 as well as others assigned to Elesys and
Honda covering electric field occupant sensing and others
assigned to Automotive Technologies International, Inc.,
(ATT) and to American Vehicular Sciences LLC (AVS)
mentioned herein. Whereas Elesys, ATI and AVS primarily
use this technology for identifying the occupancy of the
passenger seat for the purposes of airbag suppression or
depowered deployment, the purpose here is to use the
technology in an altogether different manner to transfer
power to operate wireless switches.

In current airbag systems, the driver often does not need
to be classified for the purpose of airbag suppression so there
is no need to install an electric field occupant monitor in the
driver’s seat. It is typically assumed that the driver has the
characteristics of an adult and that the airbag does not need
to be suppressed unless the driver’s seat is positioned far
forward indicating that the driver is a small adult (a position-
based determination of airbag suppression or control). This
can be determined by a seat track sensor. Thus, previously,
electric field sensors have not been installed in the driver
seat for driver monitoring. Of course, if they are installed for
powering wireless switches as in the invention, they can also
be used for occupant out-of-position sensing at little, if any,
additional cost.

A perspective view with parts cutaway and removed of a
vehicle 50 showing a passenger compartment 52 containing
electric field occupant sensing systems associated with both
driver and passenger seats 61, 62, respectively, is illustrated
in FIG. 4. Although the systems are shown to be the same on
the driver and passenger seats 61, 62, in fact, their primary
function and mode of operation may be different and this
may dictate a different antenna arrangement for the seats 61,
62. Antenna sets or groups 65 and 66 associated with the
passenger seat 62 can primarily be occupant classification
sensors for the purpose of determining, for example,
whether there is a child or a rear-facing child seat present or
if the seat is unoccupied, in which case, the airbag(s) for
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protecting the passenger seat occupant in the event of a crash
involving the vehicle 50 will be suppressed or perhaps
depowered. Antenna groups 65, 66 may be integrated into
the passenger seat 62 in the same manner as antennas of the
antenna sets 4, 6 are integrated into the seat 20 (described
above).

The electric field system associated with the driver seat 61
may be the same as that of the passenger seat 62, but the
primary function can be to monitor the heartbeat and respi-
ration rate to determine whether the driver occupying seat 61
is falling asleep, having a heart attack and/or is otherwise
unable to operate the vehicle 50, as disclosed in U.S. Pat.
No. 8,725,311. Processor 28, of the circuit block diagrams of
the ECUs 67, 68 of the driver seat and passenger seat 61, 62,
respectively, may be the same as or include the same circuit
as circuit block diagram 40 shown in FIG. 3, and can execute
different routines for the different uses of the antenna
systems or groups 63-66. In both cases, the oscillating
electric fields created by the antennas 63-66 can be used, as
disclosed herein, as a part of a wireless switch system.

In FIG. 4, the passenger seat 62 has electric field antenna
sets or groups 65 and 66 and the driver seat 61 has electric
field antenna sets or groups 63 and 64. Antenna groups 63,
64 may be integrated into the driver seat 61 in the same
manner as antennas of the antenna sets 4, 6 are integrated
into the seat. Each seat 61, 62 can have its own ECU labeled
67 in or on the driver seat 61 and labeled 68 in or on the
passenger seat 62. A single ECU could service both seats 61,
62 and the ECU(s) need not be located in the seats 61, 62.
ECU’s 67, 68 may be arranged on the respective seat 61, 62,
in the respective seat 61, 62 or even separated from the seat
61, 62, in all cases, coupled through wires to the respective
antenna groups. Passenger seat 62 may be in the row behind
the driver seat 61.

In U.S. Pat. No. 8,725,311, FIGS. 6A-6C and the corre-
sponding description illustrate and explain the principles of
operation of a single electric field monitoring element in the
presence of a body element and a modified body element,
which principles may be used in any of the embodiments of
the invention herein and are incorporated herein by refer-
ence.

In a similar manner, FIGS. 7A-7C of the *311 patent and
the corresponding description illustrate and explain the
principles of operation of a pair of interacting electric field
monitoring elements in the presence of a body element and
a modified body element and can be used to determine which
antennas should be used.

As discussed in various U.S. patents such as U.S. Pat.
Nos. 6,326,704, 7,079,450, 7,889,096, 7,760,080, 7,089,
099, 7,880,594, 7,786,864, 7,920,102, 7,467,034, 8,068,942
and 8,032,264, wires and connectors are not only expensive
components to make and install in a vehicle, they are also the
largest source of warranty repairs. Thus, there is a dire need
to eliminate wires and connectors wherever possible. Much
of this can be accomplished through use of electric field
systems such as the Honda Elesys electric field occupant
sensor discussed elsewhere herein. This invention can be
implemented in many ways, only one of which will be
discussed here. See U.S. Pat. No. 8,725,311 for an alternate
implementation.

If a vehicle-wide power door lock switch normally pres-
ent in the driver’s door, for example, is replaced by an active
RFID switch defining a conductive surface that the driver
will interact with, then the power required to activate the
RFID switch can be provided from the seat antennas in the
driver’s seat through the occupant’s body to his or her finger
and to the RFID switch when the input terminal (conductive
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surface) of the RFID switch interacts with the occupant.
Interaction between the conductive surface defined by the
RFID may be contact of the occupant’s finger with the
conductive surface which may be exposed so that touch of
the occupant’s finger with the exposed conductive surface
powers the RFID switch.

Alternatively, the conductive surface of the RFID switch
may not be exposed but rather may be situated just below
another exposed, covering or overlying material or substrate,
e.g., an insulating surface formed by a material that itself is
exposed and subject to contact by the occupant’s finger. In
this embodiment, the occupant’s finger thus does not come
into contact with or touch the conductive surface. Rather,
there is a capacitive coupling between the occupant’s finger
and the conductive surface, which is possible when the
distance between the occupant’s finger and the conductive
surface is in the order of about 0.1 inch. Generally then,
there will be “capacitive interaction” between the occupant’s
finger and the conductive surface which may be either touch
or contact between them or coupling over a small distance
that enables capacitive coupling. A capacitive touchpad may
thus be included in the RFID switch to facilitate its activa-
tion by the occupant.

The RFID switch can then transmit its ID, which is unique
to each RFID, to an interrogator indicating that the occupant
desires to lock or unlock all of the vehicle doors and the
interrogator can cause that function to be performed. The
RFID can begin transmitting the ID signal as soon as
sufficient power is available from the capacitive interaction
or, alternatively, a physical switch can be interposed to
connect the power from the occupant’s finger to the RFID
thus providing the normal haptic response to the occupant
that a switch is being depressed (actuated). One skilled in the
art can now find or develop many other RFID switch and
mechanical or circuit designs that would allow the normal
switch function to be performed. The input terminal of the
RFID switch can be any conductive pathway connecting the
occupant’s finger to the RFID circuitry. The duration of the
transmission of the RFID signal, i.e., the duration of the
capacitive interaction between the occupant’s finger and the
conductive surface or input terminal, can also be used when
a variable effect is desired such as the partial opening or
closing of a window.

FIG. 5 is a schematic showing operation of the system
where an occupant transmits power to operate a transponder,
shown generally at 100. This schematic may incorporate an
RFID switch as described above. Specifically, an RF source
102 is capacitively coupled to an occupant 106 as illustrated
by capacitor 104. The RF source 102 may be the antennas in
the seat as disclosed above. The RF source 102 also may
influence a transponder receiver 112; however, this is
unlikely due to a significant difference in frequency.

When the occupant 106 touches a transponder 110 again
or capacitive interaction develops between the occupant 106
and the transponder 110, while the ECU associated with the
antennas is causing one or more of the antennas to direct an
oscillating electric field at a frequency that enables the
electric field to be conducted through the occupant (shown
in FIG. 1), there is a capacitive coupling through capacitor
108 to the transponder 110, and the transponder 110 sends a
wireless message to the transponder receiver 112 when a
conductive surface of the transponder 110 is touched or
capacitive interaction develops between the occupant 106
and the transponder 110. The transponder 110 can be in the
form of an RFID device or switch. The send cycle is
depicted at 114 and the receive cycle at 116. All devices in
the system may share a common ground 120.

5

10

15

20

25

30

35

40

45

50

55

60

65

8

In FIG. 5, the occupant 106 and the transponder 110,
which may be an RFID tag, are shown with a common
ground. Alternatively, the occupant 106 and transponder 110
may be only loosely connected to ground through a capaci-
tive coupling, in which case, there is no wire from the
occupant 106 or from the transponder 110 (RFID tag) to a
common ground.

In this embodiment, the electrical circuit completed by the
occupant includes the transponder 110 which may be placed
in a position so that the conductive surface defined thereby
can be contacted by the occupant 106 or more generally,
capacitive interaction develops between the occupant 106
and the transponder 110. The transponder 110 is configured
to send a wireless message when capacitive interaction is
initiated by the occupant 106, which is represented by the
capacitive coupling 108 between the occupant 106 and the
transponder 110, when at least one of the antennas (of RF
source 102) transmits an oscillating electric field conducted
through the occupant 106. The electrical circuit also includes
the transponder receiver 112 that is configured to receive the
wireless message sent by the transponder 110 upon initiation
of capacitive interaction by the occupant 106 when at least
one of the antennas transmits an oscillating electric field
conducted through the occupant 106.

FIG. 6 is a view of the front of the passenger compartment
of an automobile showing wireless switches and a touch pad
mounted on the steering wheel and various dashboard
mounted wireless switches shown generally at 200. Several
steering wheel-mounted sensors 204 and a steering wheel-
mounted touchpad 210 are illustrated mounted on a steering
wheel 202. Sensors 204 and touchpad 210 may each be part
of an electrical circuit and define a conductive surface to be
contacted by the occupant to effect control of a vehicular
component (as shown in FIG. 5).

By making all of these switches wireless, and if the airbag
ECU communicates with steering wheel-mounted airbags
206, a clock spring connector between the steering wheel
and the steering column through which switch and airbag
information currently passes can be eliminated. For the
airbag, it would be required to have energy sufficient to
deploy the airbag stored in a capacitor on the steering wheel
202. Energy would still be required to charge this capacitor,
but this could also be done wirelessly through an inductive
power transfer between the steering column and the steering
wheel 202. A bank of four switches is also illustrated at 208
showing that wireless switches can also be used on the
instrument panel. FIG. 7 illustrates a wireless mouse 210
mounted on the steering wheel.

The interior of a passenger vehicle is shown generally at
300 in FIGS. 8 and 9, along with alternate positions for
touch pads, in this case for the convenience of the passenger.
Each touchpad may be part of an electrical circuit and define
a conductive surface to be initiated by capacitive interaction
by the occupant to effect control of a vehicular component.

One touch pad 302 is shown mounted on an armrest
within easy reach of the right hand of the passenger (FIG. 8).
A second touch pad 304 projects out from an instrument
panel 306. When not in use, this assembly can be stowed in
the instrument panel 306 out of sight. When the passenger
intends on using the touch pad 304, he or she will pull the
assembly, including the touch pad 304, by handle 308
bringing the touch pad 304 toward him or her. For prolonged
use of the touch pad 304, the passenger can remove the touch
pad 304 from the cradle and even stow the cradle back into
the instrument panel 306. Touch pad 304 can then be
operated from the lap of the passenger. In this case, the
communication of the touch pad 304 to the vehicle is done
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by either infrared or radio frequency transmission or by
some other convenient wireless method or with wires. The
touchpads 302, 304 in FIGS. 8 and 9 can derive their power
in the same manner as the switches described above. The
finger of the occupant carries power from the antenna in the
seat to the touchpad 302 or 304. Commands provided on the
touchpads 302 and 304 can be transmitted wirelessly to the
vehicle in the same manner as described above. A bank of
switches 310 can also be mounted in the armrest or else-
where for wirelessly controlling vehicle complements such
as the windows, door locks etc.

A general discussion of electromagnetic occupant sensors
appears in other of the patents and patent applications
mentioned above having a common inventor and is not
repeated here. Such patent publications discuss the interac-
tion between electric fields and vehicle occupants primarily
of the purpose of occupant sensing. This is a different use of
electric fields than contemplated here but nevertheless pro-
vides relative background information.

A detailed discussion of the use of the human body as a
means for transferring electrical energy in the range of about
30 kHz to about 100 kHz is discussed in papers referenced
above and in particular reference 1, and therefore is not
repeated here.

Among the inventions disclosed above is a vehicle includ-
ing a system for using the body of an occupant to convey
(transmit) power from one or more closely coupled antennas
to an electronic or electrical circuit which can thereafter
wirelessly transmit to an interrogator, information related to
the function desired by the occupant. This information may
be converted into action relating to a vehicular component.
The vehicle in accordance with the invention includes a
frame, one or more electric field transmitting antennas and
an electrical or electronic circuit which when interaction
with a conductive surface of a component in this circuit is
initiated by the occupant, responds by, for example, trans-
mitting a wireless signal to an interrogator which in turn
causes the desired vehicular component control.

A primary method disclosed above involves expanding in
what is considered to be an unobvious manner, use of
electric field (EF) sensors such as being marketed by Honda
Elesys for detection and classification of passenger occu-
pants in a vehicle for the purpose of airbag suppression. In
the *311 patent referenced above, the measurement of heart
and respiration rates and their variability and anomalies,
other non-obvious uses have been disclosed, such as for
communication to a vehicle system using gestures and the
elimination of wires associated with vehicle switches. These
make use of several properties of electric fields including
operation in the loading, transmitting and shunting modes.
(Musical Applications of Electric Field Sensing, April,
1996). The present invention extends the above-referenced
applications to the use of the human body to convey (trans-
mit) power to provide the energy needed to operate an
electrical circuit capable of, for example, emitting a wireless
signal when such power is provided.

Methods described herein can be combined with those
provided in the ’311 patent for using the heartbeat and
respiration rates for determining drowsiness and which, in
turn, can be combined with each other as well as with other
methods, disclosed herein or elsewhere, or otherwise known
or applied in the field to which this invention pertains.
Although a primary application of the technology disclosed
above is for automotive wireless switches, other applications
are to apply the technology to airplane pilot and train
conductors (or more generally vehicular operators) and other
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passengers in automobiles and planes (or more generally
vehicular occupants) to enable wireless switching.

Although several preferred embodiments are illustrated

and described above, there are possible combinations using
other geometries, sensors, materials and different dimen-
sions for the components that perform the same functions. At
least one of the inventions disclosed herein is not limited to
the above embodiments and should be determined by the
following claims. There are also numerous additional appli-
cations in addition to those described above. Many changes,
modifications, variations and other uses and applications of
the subject invention will, however, become apparent to
those skilled in the art after considering this specification
and the accompanying drawings which disclose the pre-
ferred embodiments thereof. All such changes, modifica-
tions, variations and other uses and applications which do
not depart from the spirit and scope of the invention are
deemed to be covered by the invention which is limited only
by the following claims.

The invention claimed is:

1. A vehicle, comprising:

a seat on which an occupant sits, said seat having a bottom
portion and a back portion at an angle to said bottom
portion;

a first set of at least one electric field antenna arranged in
said back portion or said bottom portion;

at least one control unit coupled to said first set of at least
one antenna and configured to direct said at least one
antenna in said first set of at least one antenna to
transmit an oscillating electric field at a frequency that
enables the electric field to be conducted through a
body of the occupant when sitting on said seat; and

at least one vehicular component control system for
controlling a respective vehicular component, each of
said at least one vehicular component control system
comprising:

a member that is part of the vehicle and defines a
conductive surface in a position accessible by a part
of the occupant when sitting on said seat, said
conductive surface being configured to enable prox-
imity or contact of the part of the occupant to said
conductive surface to develop a capacitive coupling
between the occupant and said conductive surface
when said at least one antenna is transmitting the
oscillating electric field conducted through the occu-
pant when sitting on said seat;

a transponder that is part of the vehicle and perma-
nently electrically connected to said conductive sur-
face to cause completion of an electrical circuit
including said conductive surface and said transpon-
der upon developing capacitive coupling between
the occupant and said conductive surface when said
at least one antenna is transmitting the oscillating
electric field conducted through the occupant when
sitting on said seat, each transponder being activated
when the electrical circuit is completed and being
configured to transmit a wireless signal when acti-
vated; and

a transponder receiver that is part of the vehicle and
configured to receive the wirelessly transmitted sig-
nal sent by said transponder when the electrical
circuit is completed and cause the vehicular compo-
nent to be controlled based thereon,

whereby power is provided to said transponder by said at
least one antenna transmitting the oscillating electric
field which is conducted through the occupant when
sitting on said seat, through said conductive surface
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when the part of the occupant is proximate or in contact
with said conductive surface and to said transponder.

2. The vehicle of claim 1, wherein said first set of at least
one antenna is arranged in said bottom portion of said seat.

3. The vehicle of claim 1, wherein said first set of at least
one antenna consists of only one antenna.

4. The vehicle of claim 1, wherein said transponder and
said member that defines said conductive surface are a
common unit.

5. The vehicle of claim 1, wherein said seat is a driver
seat, further comprising:

a passenger seat on which another occupant sits, said
passenger seat having a bottom portion and a back
portion at an angle to said bottom portion; and

a second set of at least one electric field antenna arranged
in said back portion or said bottom portion of said
passenger seat;

said at least one control unit being coupled to said second
set of at least one antenna in said passenger seat and
configured to direct at least one antenna in said second
set of at least one antenna to transmit an oscillating
electric field at a frequency that enables the electric
field to be conducted through the occupant in said
passenger seat when sitting on said passenger seat.

6. The vehicle of claim 5, wherein said second set of at
least one antenna is arranged in said bottom portion of said
passenger seat.

7. The vehicle of claim 5, wherein said at least one control
unit comprises a first control unit coupled to said first set of
at least one antenna and configured to direct said at least one
antenna in said first set of at least one antenna to transmit an
oscillating electric field at a frequency that enables the
electric field to be conducted through the occupant in said
driver seat when sitting on said driver seat, and a second
control unit coupled to said second set of at least one antenna
and configured to direct said at least one antenna in said
second set of at least one antenna to transmit an oscillating
electric field at a frequency that enables the electric field to
be conducted through the occupant in said passenger seat
when sitting on said passenger seat.

8. The vehicle of claim 5, wherein said at least one control
unit comprises a control unit arranged in or on said driver
seat.

9. The vehicle of claim 1, wherein said at least one
vehicular component control system comprises a plurality of
vehicular component control systems each controlling a
respective vehicular component.

10. The vehicle of claim 1, wherein said transponder is
part of a radio frequency identification device (RFID) switch
and an input terminal of said RFID switch is defined by said
conductive surface.

11. The vehicle of claim 1, wherein said seat is a passen-
ger seat and said at least one control unit comprises a control
unit arranged in or on said passenger seat.

12. The vehicle of claim 1, wherein said conductive
surface is exposed in the vehicle and configured to enable
contact of the art of the occupant with said conductive
surface to develop the capacitive coupling between the
occupant and said conductive surface.

13. The vehicle of claim 1, wherein said conductive
surface is covered by material in the vehicle and configured
to enable proximity of the part of the occupant to said
conductive surface to develop the capacitive coupling
between the occupant and said conductive surface.

14. The vehicle of claim 1, wherein said transponder
comprises a radio frequency identification device having a
unique identification.

20

30

35

40

45

65

12

15. The vehicle of claim 1, wherein said member defining
the conductive surface is a steering wheel.

16. The vehicle of claim 1, wherein said member defining
the conductive surface is an instrument panel.

17. The vehicle of claim 1, comprising wherein said
member defining the conductive surface is an armrest.

18. The vehicle of claim 1, wherein said member defining
the conductive surface is an instrument panel with a pro-
jecting portion, said conductive surface being arranged on
said projecting portion of said instrument panel.

19. A method for enabling an occupant of a vehicle to
control a component in the vehicle by interacting with a
member that is part of the vehicle and defines a conductive
surface in a position accessible by a part of the occupant,
comprising:

directing at least one antenna in a first set of at least one

electric field antenna arranged in a seat on which the
occupant sits to transmit an oscillating electric field at
a frequency that enables the electric field to be con-
ducted through a body of the occupant when sitting on
the seat, a capacitive coupling developing between the
occupant and the conductive surface defined by the
member when the occupant’s part is in proximity to or
contacts the conductive surface while the at least one
antenna is transmitting the oscillating electric field
conducted through the occupant;

transmitting a wireless signal from a transponder that is

part of the vehicle and permanently electrically con-
nected to the conductive surface when capacitive cou-
pling develops between the occupant and the conduc-
tive surface while the at least one antenna is
transmitting the oscillating electric field conducted
through the occupant; then

receiving the transmitted wireless signal at a transponder

receiver that is part of the vehicle; and then
controlling the component based on the received wireless
signal.

20. A method for enabling an occupant of a vehicle to
control components in the vehicle by interacting with a
plurality of members that are part of the vehicle and define
a conductive surface in a position accessible by a part of the
occupant, comprising:

directing at least one antenna in a first set of at least one

electric field antenna arranged in a seat on which the
occupant sits to transmit an oscillating electric field at
a frequency that enables the electric field to be con-
ducted through a body of the occupant when sitting on
the seat, a capacitive coupling developing between the
occupant and the conductive surface defined by one of
the member when the occupant’s part is in proximity to
or contacts the conductive surface of the one of the
members while the at least one antenna is transmitting
the oscillating electric field conducted through the
occupant;

transmitting a wireless signal from a respective one of a

plurality of transponders that is part of the vehicle and
electrically connected to the conductive surface of the
one of the members when capacitive coupling develops
between the occupant and the conductive surface of the
one of the members while the at least one antenna is
transmitting the oscillating electric field conducted
through the occupant; then

receiving the transmitted wireless signal at a respective

one of a plurality of transponder receiver arranged in
the vehicle; and then
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controlling a respective one of the components associated

with the one of the members based on the received
wireless signal.
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